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RESISTANCE TESTE OF MODELS OF THREE FLYING-BOAT HULLS
WITH A LENGTH-BEAM RATIO OF 10.5
By Jerold M. Bidwell and David M. Goldenbaum

SUMMARY

Models of three flylng-boat hulls, each with a
length-beam ratio of 10.5, were tested at the Langley
tank no. 1. The llines of these models were derived from
the Deutsche Versuchsanstalt fur ILuftfahrt (DVL) standard
serlies. The three models permitted tests wlith two depthsa
of step and two angles of dead rise. Reslstance, trimming-
moment, and wetted-length data were obtalned from general
fixed-trim and free-to-trim tests at load coefficlents
ranging up to 4.0.

The results shnwed that these three models had low
hydrodynamlic resistance at high load coefficlents. At
the free-to-trim hump, load-resistance ratios of .5
and 3.9 were attalned at load coeffilcients of 1.5 and 3.5,
respectively. Increasing the angle of dead rise, excluding
chine flare, from 20° to 24.5° tended to increase the '
reslstance and trimming moments at planing speeds.
Changing the depth of step from 5 to 10 percent beam had
little effect on the reslistance. With conventional
nacelle locations, excessive spray would enter the pro-
prellers at load coefficlents over 3.0.

INTRODUCTION

The effect of length-beam ratio on the water resiast-
ance of a flylng-boat hull has been the subjJect of many
investigationa. Three independent studles (references 1
to 3) have indicated that, within the range of the
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investigations, inocreasing the length-beam ratlio results
in lowering the water reslstance. Idnes of the Deutsche
Versuchsanstalt fur luvftfahrt (DVL) standard seriea (refer-
ence 1) were used 1n the development of three models,
each with a length-beam rat.o of 10.5. Two of thease
models dlffered only in engle of dead rise; the third
model was simllar to the model with the higher dead rilase
but had a depth of step twice as great.

The models used were furnlshed to the NACA by
Consolldated Vultee Alrcraft Corporation.

MODELS

The models, designuted in the Langley tanks as
models 18l;, 185, and 185-A, were derived from the
DVL serles by increasing the station spaclng along the
forebody and afterbody keels and keeping the beam the
same as that of the DVL models (11.81 in.). Two of
these models dlffered only in angle of dead rise (defined
herein as ansle of cead rise excluding chine flare); the
angle of dead risec was 2C° for model 18l and 2,,.5° for
model 185. The sactions of the model with the higher
anglie of dead rise wers formed by multiplying the ordl-
nates of the lower angle of dead rise by 25/20. TUse of
this fuctor vields a dead-rise angle of 2l;.5° and a
slightly difrfsrent radlus of curvature for the chine
flexre tiem that of model 184. TIines of model 185 are
glivan i figurs 1. Ths third model (model 185-A) was
similar o molel 185 except that the depth of step was
doutled by ralsing ths whole afterbody vertically. Sec-
tions of the three models at the step are shown 1n filg-
ure 2.

APPARA™JS AND PROCEDURE

The tests were made 1ln Langley tank no. 1, which 1s
described in reference l.

General fixed-trim tests were made by followling the
procedure described in reference l,. In addition to the
usual meesurements, wetted lengths of both forebody and
afterbody were observed. General free-to-trim tests were
also made at speed coefficients up to 5.3 (30 fps) or
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sllightly over the hump speed. The schedule of loads and

“speeds used -for the-flxed-trim .tests. lis glven in figure 5_

and the free-to-trim schedule is the same except for the
elimination of all speed coefficients above 5.5. Limlita-
tions in the capaclty of the test equlipment made 1t nec-
essary to drop some points from the schedule. These liml-
tations were the resistance (approx. 60 1b)..and the
trimming moment (approx. 180 1b-fi)..

RESULTS

The results of the tests were reduced to the usual
coefflclents based on Froude's law to make them lndepend-
ent of size. The nondimensional coefficients are defined
as follows:

Ca load coefficlent (a/wb3)

Cr resistance coefficlent <ﬁ/hb3>

Cy speed coefficlent (V/VEB)

Cy trimming-moment coefficlent (M/hbh)

Cy.1,. Wetted-length coefficient (1/b)

Cq draft coefficlent (d4/b)

where

A load on water, pounds

w specific welght of water, pounds per cublec foot

(63.l; for these tests; usually taken as 6l for
sea water)

beam (0.985 ft)
reslstance, pounds
speed, feet per second

acceleration of gravity (32.2 ft/sec?)

E 60 < @ o

trimming moment, pound-feet (positive moments
tend to increase trim)
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[ wotted-length, feet
é draft at maln step, feet

Any conslstent system of units may be vsed. The
moment data are referred to the center of moments shown
in figure 1. Trim T 18 the angle between the base line
of the model and the horlzontal,

The data obtained from tests of model 185 are given
in figures li to 8. Reslstance and trimming-moment data
from fixed-trim tests are presented in figures l and 5,
respectlively. The trimming-moment data are arranged in
a form unlike that used 1in previous HACA reports. Because
of the large number of load parametsrs used, the usual
method of presentation would result in a confusing inter-
mingling of the curves at low speeds. Tn figure 5, there-
fore, trim T 1s the parameter lnstead of the conventional
load coefflcient Cp. Data from the free-to-trim test on

this model are given in figure 6. The static properties
ere shown in figure 7. Similar data for models 18&

and 185-A are not given because these data differ only
slightly from those for model 185.

Wetted-length data for model 185 are given in fig-
vre 8. Corresponding data for model 18l were obtained
but are not presented hereln. No data on wetted lengths
were obtalned for mocel 185-A. Observations of wetted
lengths were made whensever ~racticable but, because of
the heavy spray, the data at heavy loads are not complete.
No wetted lengths on the afterbody keel are given because
of the dlfficulty of observing them.

Best-trim curves derived from fixed-trim data for
model 188 are given in figure 9. The best-trim data for
models 18l and 185-a are given in figures 10 and 11,
respectively. Photogrephs of the forebody spray of
model 185 are shown in figure 12.

DISCUSSION

The spray and reslstance characteristics observed
were similar on all three models. Some relatively minor
effects on the reslstance were produced by the change in
angle of dead rlse and depth of step. Relatively high
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load-resistence ratlos were malntained at very high-locad
coefflclents by each of the three models.

Effect of angle of dead rlise.- The effect of changing
the angle of deed rise Irom 20° to 2;.5° on the load-
reslstance ratio at hump speed end at high speeds 1s -
shown in figure 13. The model with the lower angle of
dead rise shows slightly lower .reslstance at both hump:
and high speeds. Trimming moments are less positive for
the model with the lower angle of dead rise at best trim
beyond the hump. Below hump speed the effect of the
change in angle of dead rise was negligible. These
results are in agreement with those for conventional

- length-beam ratios reported in reference 5.

Effect of depth of step.- The effect on the resist-
ance oI changing the depth of step from 5 to 10 percent
beam 1s indicated in figure 1l by a comparlson of load-
resistance ratios under several coniltions of trim and
speed. The effect 1s small, the trend for the model
with the deeper step being toward hilgher reslstance at
hump speed and lower resistance at high speed and light
loads. Greater positive trimming moments were observed
on the model with the deep step than on the model with
the shallow step. These results are similar to those
for conventional length-beam ratios of reference 6. On
a hull of the form of model 185, if a step as deep &s
10 percent beam 1s required to attaln good landing sta-
bility, no marked increase in take-off time may be
expected over that for a hull with a shallow step.

Forebody spray.- Photographs of the forebody spray
of model 185 are given in figure 12. The model 1s shown
running free to trim at several load coefficlents and at
several speeds. The effect of the change 1n angle of
dead rise on the spray was imperceptible, and therefore
no photographs of the model with low angle of dead rise
are given. The criterlon for foiebody loading (refer-

ence 7) 1s glven as Ca, = k %?) , WwWhere Ly 1s the

length of the forebody and k 1s an empirlcal coeffi-
cilent. The followlng CAo values have been computed

for tgis model having a forebody length-beam ratio
of 5.8
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k Caq

0.119 L.o
.0875 (excessive) 5.28
.0825 (heavy) 2.77
.0675 (satisfactory) 2.2
.0525 (1ight) 1.7

From thlis table, model 185 would be expected to produce
extremely heavy forebody sp.'ay at a load coefflclent

of l}.0. The spray actually observed snd shown in fig-
ure 12 verifies this expectation. With nacelles and wing
located according to current deslign practice, a flying
boat having a hull similar to model 184 or 1é5 would have
an excessive amount of spray in 1ts propellers when oper-
ating at load coefflclents over 3.0.

CONCLUSIONS

1. The three models tested maintained relatlvely
high load-resistance ratios to higher load coefficients
than do models of conventional length-beam ratlo. At
the free-to-trim hump, load-resistance ratios of L.5
and 3.9 were attalned at load coefficients of 1.5
and 3.5, respectively.

2. Changing the angle of dead rise (excluding chine
flare) and the depth of step on these models had the
same effect on their resistance as simllur chunges made
on models of conventlonal length-beam ratlo.

3. Excessive spray was shown for the three models
tested at conventlonsl propeller locations with load
coefficlents greater than 3.0.

Langley Memorieal Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
ILangley Fileld, Va.
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Fig. 8b NACA ARR No. L5G19
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.Fig. 9 : NACA ARR No. L5G19
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NACA ARR No., L5G19

{a) Speed coefficient, Cy = 1.77.

Figure 12.- Model 185. Typical spray
photographs, free to trim.
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NACA ARR No. L5G19

(b) Speed coefficient, Cy = 2.66.

Figure 12.- Continued.
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NACA ARR No. L5G19 Fig. l2c
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